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paints	 a	 conflicting	 picture	 regarding	 global	marine	O2	 levels	 during	 key	 intervals	
of	the	rise	and	fall	of	the	Ediacara	biota.	Fossil	evidence	indicates	that	the	diversi-











biota.	 Following	 this	 initial	 radiation,	 the	 Ediacara	 biota	 persisted	 until	 the	 termi-
nal	Ediacaran	period,	when	 recently	published	U	 isotope	data	 indicate	a	 return	 to	
more	widespread	ocean	anoxia.	Taken	together,	it	appears	that	global	marine	redox	
changes	drove	the	rise	and	fall	of	the	Ediacara	biota.
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1  | INTRODUC TION
After	 life	 first	 emerged	more	 than	 three	 billion	 years	 ago,	 single-
celled	organisms	dominated	the	planet	for	most	of	 its	history.	 It	 is	
not	 until	 the	 Ediacaran	 Period	 (635–541	Ma)	 that	 large	 and	mor-
phologically	 complex	 multicellular	 eukaryotes	 became	 abundant	
and	 diverse	 (Yuan,	 Chen,	 Xiao,	 Zhou,	 &	Hua,	 2011).	 The	 Ediacara	
biota,	which	characterizes	the	second	half	of	the	Ediacaran	Period,	
arose	 in	 the	 middle	 Ediacaran	 Period	 (Xiao	 &	 Laflamme,	 2009),	
reached	their	maximum	taxonomic	diversity	and	morphological	dis-
parity	about	560	Ma,	 and	 then	declined	 in	 the	 terminal	Ediacaran	
Period	 (~550–541	Ma)	 (Darroch,	 Smith,	 Laflamme,	&	Erwin,	2018;	
Laflamme,	Darroch,	Tweedt,	Peterson,	&	Erwin,	2013;	Shen,	Dong,	
Xiao,	&	Kowalewski,	2008;	Xiao	&	Laflamme,	2009).	Although	 the	















for	 a	major	 redox	 transition	 suggests	 that	 a	 profound	 ocean	 oxy-
genation	event	may	have	sparked	this	evolutionary	event	(Canfield,	






























































2015).	 Although	 the	 concentration	 and	 residence	 time	 of	 U	 in	
K E Y W O R D S
early	animals,	Neoproterozoic,	ocean	oxygenation,	Shuram	negative	carbon	isotope	excursion,	
uranium	isotopes
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seawater	would	both	be	reduced	during	times	of	expanded	marine	
anoxia,	 studies	 suggest	 that	 the	 U	 isotope	 composition	 of	 open	
ocean	seawater	was	likely	uniform	even	during	periods	of	expanded	
anoxia	(Clarkson	et	al.,	2018;	Zhang,	Algeo,	Romaniello,	et	al.,	2018;	
Zhang,	 Xiao,	 et	 al.,	 2018).	 Seawater	 δ238U	 varies	with	 redox	 con-
ditions	because	the	reduction	of	dissolved	U(VI)	 to	U(IV),	which	 is	
immobilized	 in	 anoxic	 sediments,	 results	 in	 a	 large	 and	detectable	
change in δ238U	(0.6‰–0.85‰),	favoring	the	238U	over	235U	in	the	



















2  | STUDY SEC TIONS
The	 SE	 at	 the	 Jiulongwan	 section	 (GPS:	 N	 30°48'15.05″,	 W	
111°3'18.61″)	 is	 represented	by	 the	Doushantuo	Member	 III	 (Li	et	
al.,	 2017;	McFadden	et	 al.,	 2008),	which	 is	 about	70	m	 thick.	 The	
lower	40	m	 is	composed	of	dolostone	with	bedded	chert,	and	the	
upper	 30	 consists	 primarily	 of	 ribbon	 limestone	 (see	 figure	 4	 in	
the	 Supplementary	 Information	 of	 McFadden	 et	 al.,	 2008	 for	 a	
detailed	 summary	 of	 the	 stratigraphy	 at	 the	 Jiulongwan	 section).	





ple,	 some	studies	suggest	deposition	 in	a	 locally	 restricted	setting	





The	 SE	 at	 the	 Bol'shoy	 Patom	 section	 is	 represented	 by	 the	
Kholychskaya	 Formation,	 the	 Alyanchskaya	 Formation,	 and	 the	
Nikol'skaya	 Formation,	 which	 are	 ~200,	 ~530,	 and	 ~390	 m	 thick,	
respectively,	 and	 are	 composed	 of	 well-preserved	 high-Sr	 lime-
stone	 (Melezhik,	 Pokrovsky,	 Fallick,	 Kuznetsov,	 &	 Bujakaite,	 2009).	
Sedimentary	 facies	 associations	 suggest	 deposition	 on	 a	 shallow	
carbonate	platform	that	was	well	connected	to	the	open	ocean	with	




Peak	Hills	 (GPS:	N	35°45.439′,	W	116°20.936′)	 and	 is	 represented	
by	the	Rainstorm	Member	of	the	Johnnie	Formation,	which	is	>100	m	
thick	 in	the	study	section	and	is	composed	of	 interbedded	siltstone,	
sandstone,	 and	 conglomerate,	 with	 locally	 abundant	 dolostone.	
Sedimentary	 features	 suggest	 deposition	 in	 distal-fluvial	 and	 shal-
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to	directly	constrain	the	initiation	and	termination	of	the	Shuram	ex-
cursion.	 Previous	 studies	 have	variously	 suggested	 that	 the	 Shuram	
excursion	is	either	a	brief	event	occurring	at	ca.	560–550	Ma	or	a	pro-
tracted	event	at	ca.	580–550	Ma	(see	summary	in	Xiao	et	al.,	2016).	




(Pu	et	al.,	2016)	coincides	or	postdates	 the	 initiation	of	 the	Shuram	




analysis	of	 the	Johnnie	Formation	 that	hosts	 the	Shuram	excursion,	
Witkosky	 and	Wernicke	 (2018)	 concluded	 that	 the	 Shuram	 excur-




by	 strata	 that	host	 two	additional	 carbon	 isotope	excursions	 (An	et	
al.,	 2015;	Zhou	et	 al.,	 2017).	Thus,	 the	Shuram	excursion	may	have	
ended	significantly	earlier	than	551	Ma	and	may	have	lasted	much	less	
than	30	Myr	as	some	previous	studies	suggested	(Le	Guerroué,	Allen,	
Cozzi,	 Etienne,	&	Fanning,	 2006).	Regardless,	 recent	 paleomagnetic,	
rock	magnetic,	and	cyclostratigraphic	studies	suggest	that	the	Shuram	
excursion	 from	 different	 locations	 occurred	 synchronously	 (Gong,	
Kodama,	&	 Li,	 2017;	Minguez	&	Kodama,	 2017;	Minguez,	 Kodama,	
&	Hillhouse,	2015).	For	example,	rock	magnetic	studies	from	globally	






Bol'shoy	 Patom	 section	 in	 Siberia,	 one	 of	 the	 three	 sections	 in	 this	
study,	is	not	constrained	by	radiometric	and	paleomagnetic	data,	and	
the	 largest	 negative	 δ13Ccarb	 excursion	 is	 regarded	 as	 equivalent	 to	
the	Shuram	excursion	found	at	other	localities	(e.g.,	Grotzinger	et	al.,	
2011;	Melezhik,	Fallick,	&	Pokrovsky,	2005;	Melezhik	et	al.,	2009).
3  | ANALY TIC AL METHODS
We	have	carefully	selected	fresh	rock	specimens	to	avoid	veins	and	





and	 trace	 element	 concentrations	 were	 measured	 on	 a	 Thermo	
iCAP™	 quadrupole	 inductively	 coupled	 plasma	 mass	 spectrom-
eter	 (Q-ICP-MS)	 at	 the	W.	M.	Keck	 Laboratory	 for	 Environmental	




Prior	 to	 U	 isotopes	 column	 chemistry,	 appropriate	 amounts	






Cui,	 et	 al.,	 2018;	 Zhang,	 Algeo,	 Romaniello,	 et	 al.,	 2018;	 Zhang,	
Romaniello,	et	al.,	2018;	Zhang,	Xiao,	et	al.,	2018).	All	samples	were	
put	through	UTEVA	resin	twice	in	order	to	completely	remove	ma-
trix	 ions.	 The	 final	 purified	U	was	 dissolved	 in	 0.32	M	HNO3 and 
diluted	to	a	U	concentration	of	50	ppb.	Uranium	isotopes	were	mea-
sured	 at	ASU	on	 a	Thermo-Finnigan	Neptune	multi-collector	 ICP-
MS	at	low	mass	resolution.	The	standard	solution	CRM145	(50	ppb	








4  | UR ANIUM ISOTOPE RESULTS
An	extremely	negative	δ13Ccarb	excursion	that	characterizes	the	SE	
is	 observed	 at	 each	 of	 the	 three	 sections	 studied	 here	 (Figure	 2).	
At	 each	 section,	δ238U	 shifts	 toward	 higher	 values	 as	δ13Ccarb de-
clines	 during	 the	 onset	 of	 the	 SE	 (Figure	 2).	 Samples	 immediately	
preceding	 the	 SE	 (pre-SE)	 at	 Jiulongwan,	 at	 Bol'shoy	 Patom,	 and	







carbonates	 (−0.26	±	0.29‰)	are	 significantly	higher	 than	 those	of	
pre-SE	carbonates	(−0.74	±	0.17‰,	p	<	.0001)	but	are	only	slightly	
lower	 than	 modern	 Bahamian	 carbonates	 (−0.12	 ±	 0.28‰,	 2	 SD)	
(Chen	et	al.,	2018).
5  | E VIDENCE FOR PRIMARY 
OCE ANOGR APHIC SIGNAL S
5.1 | Post‐depositional diagenetic alteration
We	 compared	 our	 U	 isotope	 data	 to	 standard	 carbonate	 diage-
netic	 indicators,	such	as	Mn/Sr	ratios	and	O	isotope	compositions,	
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to	 evaluate	 the	 influence	 of	 post-depositional	 burial	 diagenesis.	
We	note	that	these	traditional	diagenetic	proxies	are	not	explicitly	
developed	 for	U	 isotopes	but	 carbonate	C,	O,	 and	Sr	 isotope	 sys-
tematics	(e.g.,	Chen	et	al.,	2018).	Although	these	proxies	have	their	
limitations	and	may	not	be	directly	relevant	to	evaluate	diagenesis	
for	 carbonate	U	 isotopes	 proxy,	 numerical	modeling	 of	 diagenetic	





Mn/Sr	 ratios	 in	 carbonate	 precipitates	 have	 commonly	 been	
used	as	indicators	of	post-depositional	alteration	(e.g.,	Gilleaudeau,	
Sahoo,	 Kah,	 Henderson,	 &	 Kaufman,	 2018;	 Jacobsen	&	 Kaufman,	
1999;	Veizer,	1989),	with	a	cutoff	of	3–10	suggested	for	Precambrian	
carbonate	 sedimentary	 rocks	 (e.g.,	 Gilleaudeau	 et	 al.,	 2018;	












further	 investigated	 the	geochemical	 correlations	of	Mn/Sr–δ238U,	
Mn/Sr–U	 concentration,	 Sr	 concentration–δ238U,	 Sr	 concentra-




Several	 researchers	 have	 argued,	 on	 the	 basis	 of	 positive	 cor-
relations	 between	 carbon	 and	 oxygen	 isotope	 ratios,	 that	 the	 SE	







6  |     ZHANG et Al.
carbonates	may	have	undergone	extensive	post-depositional	alter-
ation	(e.g.,	Derry,	2010;	Grotzinger	et	al.,	2011;	Knauth	&	Kennedy,	







between	 δ18O	 and	 [U]	 for	 any	 of	 the	 three	 sections	 (Jiulongwan,	
R2	=	.01;	Bol'shoy	Patom,	R2	=	.14;	Death	Valley,	R2	=	.03).	Likewise,	
we	did	not	observe	systematic	correlations	between	δ18O and δ238U	
for	 the	Jiulongwan	and	 the	Bol'shoy	Patom	sections	 (R2 = .19 and 
R2	=	.11,	respectively).	However,	we	did	observe	a	weak-to-moder-
ate	correlation	between	δ18O and δ238U	for	 the	Death	Valley	 sec-




and	 strong	 consistency	 of	 δ238U	 between	widely	 spaced	 sections	
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argue	 against	 a	meteoritic	 diagenetic	 origin	 for	 the	observed	ura-
nium	isotope	trends	and	instead	strongly	favor	a	primary	seawater	
origin.
In	 carbonates	 that	 underwent	 extensive	 recrystallization,	 δ238U	
may	be	offset	 from	primary	depositional	 values,	 and	 therefore,	pe-
trographic	studies	and	duplication	in	different	sections	are	necessary	
when	studying	carbonate	δ238U	(e.g.,	Hood,	2016).	Prior	studies	from	
the	 same	outcrops	 sampled	 in	 this	 study	 suggest	 that	 the	Bol'shoy	
Patom	 samples	 and	 the	 Jiulongwan	 limestones	 typically	 preserve	
pristine	 sedimentary	 fabrics	 such	 as	microbially	 laminated	micrites,	
TA B L E  1  Linear	regression	coefficients	(multiple R)	and	the	
associated	p-values	calculated	to	test	the	influence	of	diagenetic	
indicators	on	δ238U
 multiple R p‐value
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by	 SE	 carbonates	 was	 not	 pervasively	 nor	 systematically	 altered.	
Importantly,	 our	 key	 interpretation	 is	 built	 on	 the	 average	 of	 the	
three	study	sections	rather	than	the	Jiulongwan	section	alone.



















5.3 | Evaluation of influence of dolomitization 
on δ238U
Two	 independent	 lines	 of	 evidence	 document	 that	 lithological	
changes	 (e.g.,	 dolomitization)	 are	 unlikely	 a	 significant	 contribu-
tor	 to	 the	observed	 shift	 in	δ238U	across	 the	Shuram	event.	 First,	
although	 the	 shift	 toward	 heavier	 δ238U	 values	 approximately	 co-
incides	 with	 a	 lithological	 change	 from	 dolostone	 to	 limestone	 at	
the	 Jiulongwan	 section,	 the	 onset	 of	 the	 positive	δ238U	excursion	
in	the	Johnnie	Formation	occurs	in	an	oolitic	dolomite	unit,	it	does	
not	coincide	with	any	lithological	changes,	and	positive	δ238U	values	





Second,	δ238U	 studies	 from	both	modern	Bahamian	 carbonate	








statistically	 significant	 differences	 between	 calcite	 and	 dolomite.	
There	 are	 now	 δ238U	 data	 from	 seven	 widely	 spaced	 carbonate	
sections	spanning	the	Permian–Triassic	boundary	[the	Dajiang	(Lau	
et	al.,	2016),	Guandao	 (Lau	et	al.,	2016),	Dawen	 (Brennecka	et	 al.,	
2011),	and	Daxiakou	(Elrick	et	al.,	2017)	sections	in	South	China;	the	












manuscript	 on	 the	 comparison	 of	 multiple	 widely	 spaced	 Shuram	
sections,	which	come	from	different	continents	and	different	water	





5.4 | Isotopic offset induced from 
syndepositional diagenesis
Modern	carbonate	sediments	have	a	δ238U	composition	that	is	0.2–






carbonates	 can	 sequester	 dissolved	U(VI)	 from	 the	 overlying	 oxic	
water	via	advective	and	diffusive	transport.	This	semi-open	system	
behavior	allows	 the	exchange	of	U	 isotopes	and	can	 lead	 to	slight	
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238U	enrichment	 in	bulk	carbonates	 (Chen	et	al.,	2018;	Romaniello	




Haddad,	 1999).	 On	 this	 basis,	 we	 applied	 a	 diagenetic	 correction	
factor	of	0.2‰–0.4‰	to	the	measured	δ238U	values	prior	to	U	iso-




6  | STR ATIGR APHIC VARIATION OF U 
CONCENTR ATIONS
Several	 previous	 U	 isotope	 studies	 suggested	 that	 in	 unaltered	
rocks,	 changes	 to	 the	 extent	 of	 global	 seafloor	 oxygenation	will	
affect	 the	 dissolved	 seawater	 reservoir	 of	 U,	 and	 in	 return	 the	
abundance	of	U	incorporated	into	marine	carbonates	(Brennecka	
et	al.,	2011;	Elrick	et	al.,	2017;	Lau	et	al.,	2016).	Under	ideal	con-
ditions,	 stratigraphic	 variation	 in	 U	 concentrations	 can	 record	
meaningful	 seawater	 redox	 variations,	 but	 this	 relationship	 can	






U	 in	 aragonite	 range	 from	1.8	 to	 9.8,	while	 the	 partition	 coeffi-
cient	for	U	in	calcite	 is	<0.2	and	may	be	as	 low	as	0.046	(Meece	
&	Benninger,	1993).	Thus,	environmental	and	ecological	changes	
that	 drive	 variations	 in	 the	 abundance	 of	 primary	 aragonite	 and	
calcite	have	a	 large	effect	on	sediment	U	concentration.	For	ex-




tration	 on	 δ238U	 is	 more	 limited.	 Uranium	 isotope	 measurements	
of	 aragonite	 and	 high-Mg	 calcite	 primary	 precipitates	 exhibit	 no	
offset	 from	 seawater	 (Romaniello	 et	 al.,	 2013).	 Laboratory-pre-
cipitated	 calcite	 and	 aragonite	 at	 pH	 ∼8.5	 showed	 only	 minor	
(<0.13‰)	 fractionation	 between	 the	 liquid	 medium	 and	 the	 solid	










lostone,	while	 the	Siberian	 section	 is	 composed	of	well-preserved	
high-Sr	limestone.	Some	of	these	limestones	may	originally	be	arago-
nite	and/or	high-Mg	calcite	(e.g.,	the	high-Sr	carbonates	from	Siberia;	









44	 samples	 from	 the	 Siberia	 have	 U	 concentration	 >3	 ppm,	 with	
some	samples	having	U	>	10	ppm	(Figure	6).	There	are	also	relatively	
strong	 correlations	 between	 U	 concentrations	 and	 Sr-based	 indi-
cators	 (Sr	concentration,	Sr/Ca	 ratio,	Mn/Sr	 ratio,	and	Rb/Sr	 ratio)	
at	 the	Siberia	 section	 (Table	2),	 further	 confirming	a	mineralogical	
control	on	the	U	concentration.	We	thus	hypothesize	that	 the	de-
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sedimentary	 sinks,	 and	 seawater,	 respectively.	The	variables	 fanoxic 
and fother	represent	the	fraction	of	total	U	removed	to	the	respective	




stants	 for	 each	of	 the	 respective	 sinks.	The	modeling	outputs	 are	
given in Figure 7.
This	model	 indicates	 that	 in	order	 to	account	 for	pre-SE	sea-
water	δ238U	as	low	as	−0.94‰	to	−1.14‰,	large	areas	of	seafloor	
must	have	been	overlain	by	anoxic	waters.	The	precise	extent	of	
ocean	 anoxia	 calculated	 from	 the	mass	balance	model	 (Equation	
2)	is	sensitive	to	Δanoxic	values	(Lau	et	al.,	2017;	Zhang,	Xiao,	et	al.,	
2018).	Assuming	Δanoxic	=	0.6‰—an	average	value	 that	 is	 repre-
sentative	of	modern	anoxic	basins	like	the	Saanich	Inlet	(Holmden,	
Amini,	&	Francois,	2015)	and	the	Black	Sea	(Andersen	et	al.,	2014),	
the	δ238U	data	 imply	 that	nearly	100%	of	 the	 total	U	ocean	sink	
in	 the	pre-Shuram	ocean	was	accounted	 for	by	 removal	 into	an-
oxic	 sediments.	 If	we	consider	a	 range	of	plausible	 fractionation	









Aanoxic ∗kanoxic ∗Δanoxic+ (Aocean−Aanoxic)∗kother ∗Δother)
Aanoxic ∗kanoxic+ (Aocean−Aanoxic)∗kother


























The	new	δ238U	data	 reinforce	previous	studies	 that	argued	 for	an	
oceanic	oxygenation	event	during	the	SE	(Canfield	et	al.,	2007;	Fike	et	
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8  | GLOBAL MARINE REDOX CHANGE 
DROVE THE RISE AND FALL OF THE 
EDIAC AR A BIOTA
The	U	isotope	data	from	this	study	combined	with	previously	pub-
lished	Ediacaran	and	Early	Cambrian	U	isotope	data	yield	a	complex	
picture	 of	 oscillatory	 ocean	 redox	 conditions	 at	 the	 Ediacaran−
Cambrian	transition	(Figure	8).	The	present	study	suggests	that	the	





the	 terminal	Ediacaran	Period	 (ca.	551	−	541	Ma)	and	 in	 the	early	
Cambrian	 (during	 the	Cambrian	Age	2	at	 ca.	525	Ma)	with	a	 tem-
porary	transition	to	more	oxygenated	conditions	at	the	Ediacaran−
Cambrian	boundary	(Tostevin	et	al.,	2019;	Wei	et	al.,	2018;	Zhang,	
Xiao,	 et	 al.,	 2018).	 Therefore,	 this	 and	 previous	 studies	 confirm	
that	 the	 oceanic	 redox	 evolution	 from	 the	Neoproterozoic	 to	 the	
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The	possible	 causal	 relationship	 between	oxygenation	 events	
and	early	animal	evolution	 is	a	 topic	of	broad	 interest.	Molecular	
clock	 and	 sponge	 biomarker	 studies	 suggest	 that	 multicellu-
lar	 animals	 diverged	 in	 the	 Cryogenian	 Period	 (~720–635	 Myr	
ago)	 or	 earlier	 (Cunningham	 et	 al.,	 2017;	 Sperling	 and	 Stockey,	
2018;	 Zumberge	 et	 al.,	 2018,	 but	 see	 Nettersheim	 et	 al.,	 2019).	
However,	 Cryogenian	 animals	 may	 have	 been	 morphologically	
simple	sponge-like	creatures	and	likely	required	little	oxygen	(Mills,	
Lenton,	&	Watson,	2014;	 Sperling	et	 al.,	 2013).	Macroscopic	 and	
morphologically	 complex	 animals	 that	 engaged	 in	 energetically	
expensive	lifestyles	such	as	mobility	 likely	required	more	oxygen,	
and	these	animals	did	not	appear	in	the	fossil	record	until	the	late	
Ediacaran	 Period,	 as	 represented	 by	 certain	 taxa	 in	 the	 Ediacara	
biota	(Xiao	&	Laflamme,	2009).
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The	 possible	 causal	 relationship	 between	 Ediacaran	 redox	
events	and	the	evolution	of	the	Ediacara	biota	 is	 intriguing.	The	
Ediacara	biota	contains	three	temporally	successive	assemblages	
that	 are	 reasonably	 constrained	 by	 radiometric	 dates	 (see	 sum-
mary	 in	Xiao	 et	 al.,	 2016).	 These	 are	 the	Avalon	 (~570–560	Ma	
ago),	White	 Sea	 (~560–550	Ma	 ago),	 and	 Nama	 (~550–540	Ma	
ago)	 assemblages,	 which	 are	 named	 after	 representative	 geo-
graphic	regions	where	they	occur	(Waggoner,	2003).	However,	as	
discussed	above,	 the	age	and	duration	of	 the	Shuram	excursion	
are	 poorly	 constrained,	 and	 the	 temporal	 relationship	 between	
the	SE	and	the	Ediacara	biota	is	uncertain.	Given	these	uncertain-
ties,	we	consider	two	end-member	scenarios	(Figure	9):	(a)	The	SE	





biota,	 including	 the	 evolution	 of	mobile	 animals	 as	 represented	
by	putative	 trace	 fossils	 from	 the	Avalon	assemblage	 (Liu	et	 al.,	
2010),	closely	followed	(within	<10	Myr)	a	global	ocean	oxygen-





and	 triradialomorphs)	 whose	 morphologies	 are	 consistent	 with	
higher	minimum	oxygen	requirements	compared	with	the	major-
ity	of	 taxa	 from	either	 the	Avalon	or	Nama	assemblages	 (Evans,	
Diamond,	 Droser,	 &	 Lyons,	 2018).	 These	 taxa	 are	 prominently	
absent	 (and	may	have	disappeared)	 from	 the	Nama	assemblage.	
Therefore,	an	episode	of	pervasive	ocean	oxygenation	across	the	
SE	may	 have	 been	 an	 extrinsic	 driver	 either	 for	 the	 emergence	
of	 the	Ediacara	biota	during	the	Avalon	assemblage	or	 its	diver-
sification	 in	 the	White	Sea	assemblage.	The	subsequent	shift	 to	
extensive	anoxic	conditions	during	the	terminal	Ediacaran	Period	
coincides	with	 the	 decline	 and	 extinction	 of	 the	 Ediacara	 biota	
(Tostevin	et	al.,	2019;	Wei	et	al.,	2018;	Zhang,	Xiao,	et	al.,	2018).	
Thus,	 although	 genetic,	 environmental,	 and	 ecological	 factors	
may	have	played	a	role	in	shaping	the	evolutionary	history	of	early	
animals,	 our	 data	 suggest	 that	 the	 rise	 and	 fall	 of	 the	 Ediacara	
biota	 is,	 on	 the	 first	 order,	 coupled	 with	 the	 wax	 and	 wane	 of	
global	ocean	oxygenation.
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